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An Automated Vacuum Systcm’

W. }1. Alkms’”, G, D. Vilughn, C. Ilridgmirn”””
hls-}[t)~o, Lns Aldmos Nu!i(m~l [Jlbl)riltl)ly, 1.OS Alfimt.x,

Abstroct

Software tools availahlc with the Ground TCSI

Aecclcramr (GTA) control ~slcm provide [he captibilily 10
express a control prublcm as a finite slate machine. Systcm

slates and transitions are expressed in terms or accelerator
parameters and actions are mken based on state transitions,

This is particularly useful for sequencing operations which

are modal in nature of are unwieldy when implemented with
conventional programming. Slate diagrams are

automatically translated inlo cafe which is cxccutcd by Ihe

control sys[cm. These m.ds have been applied to lhe vncuurn
sys[em for [he CWA accclcrmrr to implement autom:~tic

sequencing of operations. With a single request, ~he

operator tlliiy iniliate a complc[c pump-down sequence. I Ie
~n monitor [he progress and is nolified i.f an anomaly
occurs requiling in[crvcn[ion. The opcralor is not required

to hnve dc[ailcd knowledge of the vacuum syslcm and is
prr)tcctcd from taking innppropriii(e aclions.

L lNrl”RODUrIION

The fipproach of the GTA conlrol ~slcm (EPICS, for

Expcrimcn[al Physicsand Industrial Conlrrd Sysicm) is 10
provide a collection of mols which can be used to implemenl

compu~criled controls. These tools can be ulilizcrl without
intimate familiarity of the systcn. Reducing the

programming cxperlisc required of the implementer anrJthe
amouru of code required increases the ~slcm’s reliability

and reduces @ Iong-term cost.

11, THE SEQUENCER

One of Ihe EPICS software tools, the &quwIcrr,
allows J conlrols prutrlcm W be Cxprcsscd in an
atcclcriitor-user’s lcrms and nrwly aultlmalically produces
programming code to implement the algorithm, ‘Ile

Sequencer mol is compri%cd of a SIuI~ Nofution Langwgr
(SN1.)compilcr which uscs a Fini[c Slal: Machine paradigm,
and run-lime mdc to assisl in implcmcntrttion of the
program.

A ~iillc diagmm is oflcn more useful for c~prcssing

conlrol problems, as Ihc description is in terms of Ihc
prublcm ;md is not constrained by prrrgramming -Iimgunge

eonvcntion% An c~ilmpk slate dingrtim is shown in Figure 1.
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Hgure 1, Ex:imple Stale Diagram.

In [his example lhere are two states defined, corrcsw,lding

to Iwo sta[es of a light. ‘llte rmnecti.ng lines show that the

‘system’ can tmnsi[ion from one stale w the o[hcr. The
r)otii[ion next 10 the s[ate-[mnsition Iincs dcscribcs (above

the line) the condilion for the Iransilion occurring, and
(below the line) actions lhat acur as a result of lhc
transition. In the example, the amdition for transilioning
from slate I to stale 2 is lhut Ihe ‘On’ button is pressed, I%c

condition fcr lhe opposile Wansition isthat Ihe ‘Off’ button is
pressed. No aclion is Iaken if the ystem is in stale 2 anrJ the

‘On’ bu[tf~n is prcs%ed, as lhere is no
that case.

A slate diagram translates

autommimlly) tc a StaIc Notation
Fimrre 2 shows an excerpt of the

Imnsitimr describing

directly (n[ti yet

language program.
cmesponding SNL

r;gmm for Ihe example in-figure 1
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“Ilc ~lawmctlls in italics are nt)l parl }f :hc pr(~~ri~m
sjnlax. ‘I%c oulcr most sets of hraccs dclim tit!~$, Wllhm

n sttitc. [hc trnnsilitms im dcwhrihcd iIs whrn CliIII\CS, read
“whet wnt comfifim orrur.r, Id t wrr~ udwt (r), um!
hmition to uttcbthw .mm “ “l?Ic ctmdition is spwIfIu(l [Is the

qumcnt to Ihc whrn slillcmcnt, ‘Ihe actitms 10 [ilkc when
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ihc c(mdl(ltm is ::1-IcIw sptc IfIL15 ifl~kk [hc nt’il w of
brw% Following [hcsc br:tccs Ihc dvdination st;IIc is
spccl(itd hl(~re lhfin t.mc Mhtn clause would trc prcscn[ in a

slate if there were murc [h;tn onc Iriinsi[i(}n out of [hc st;IIc.
“Ilc expressions sht)wn in [hc whtn stJ[cmcnl arc truly

as simple ar shown. Accclcralcrr paramc[crs such as
tempcrillures, prrxsurcs, etc. arc mnde available 10 the SNL
program as program vnriJhlcs. SNL faoli[ics provide [his

interface wi[h other Pii[[s of the control systcm.
Without dc[alling the SNL ~nlax any further, it is

clear that a SNL program an be dircc[ly prmluced from a
sla[e diagram with no logl~. or algorithmic translation. ‘I%is

makes for a quick transi[mn from problem definition 10
implementation.

11[. A VACUUM SYSITM EXAMPLE

The vacuum systcm for the GTA R~dio - Frequency

Quadruple (RFC)) ulilizes iwo cryogenic pumps and onc
turbomolccular puinp. Figure 3 shows how one cryo systcm

I
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R F() Vacur.rrn Vessel

‘.- II GmrIe “ 1

F’LARt-rd_m mm.

RoughingPump

Flgurc 3. P~fiinl RF(J Vacuum System ,Schcmulic.

Eiich pump and its rtswrcialcd instrumcnlalion an be trcuted

sorncwhni inrlcpcndcrrlly, i-c. a cryo pump can be
roughed OUI and crmlrxl down indcpcnr.fcntly of whnl [hc

turbo pump is doing, (’[mrdinirlion of the three pump

Systems is rcquirc~ when they musl ctx)pcriitc in pumping

Ihc vcmcl ilsclf.
A pnwr~urc flw prcpm in~ Ihc cry) pump ft}r tm Imc

pumpmg W(NIM hc as ftdlows:

1. ( ‘I(wc g{ltc vitlv~, CI{}YCpurge viilvc, OpCII rtmgh V~lVC,
2, S[itrt roughing pUNIpi

3. When cryo prJmp lmwurc rcnchrs S(1 mdllhwr, chwc

rtwgh v,II$c. ililrl c(lmplc~ww ,ind IJdLI hc.d.
4. If prcwurc incru:r~cf It) 65 mllll[twr in Icw [hiin I mlnutc,

upcn rough vtdvc until plcwrrc dccrufi~cs h} ICM lthn 5(I
milli[ilrr, [hen cltw rtwgh VJIVC.

5. When cryo pump Icmpcra[urc i~hclow 2CF)K,Ihc pump is
rcisdy 10 bc plw-ed on-line.

Figure 4 shows this prwmlurc cxprc$w-d as a sl~le

.—— .--—. —
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Flgura 4. Cryo Rcmrhrre as a State Diagram.

The prumfure is brukcn into 5 slates. At inilialbatirm
[he ~s[em is pul intoa known state. On an oprator request,
the system begins evwualing the cryo pump wiih lhe
roughing pump, ‘Ills M Ihc ROU(; IIIN(; s[ttle. N~~[c Ihal
this mums nwghmg as pcr(ilins 10 Ihc cryo pump, m~l [he
KFQ vessel.

Once [he prcwrrc in the cryo pump is less Ihirn 50

millimrr, Ihc pump is ready 10 hc cooled. ‘Ilc roughing v:dvc
is closed, and Ihe cryu compressor and cold head arc
swi[chcd on (s!itIc (’()()1 IN(;).

I)uring Ihc firw mlnulc of cmding, If Willcr Viip)r h;i~
not been iW!C~UillCl) cviqxwalcrl il will c~mdcnsc ;tnd ~illl~e a

prcswrc rise. If this isdc[cc[cd, [he r(tiighlngvillvc m(~pened

and the syslcm Irnnsi[ions 10 SLNCF.VA(,’lLAll+ 1120, When

the pressure is itgilin low cmwgh. Ihc roughing vi~l~c IsrllIkcd
iIId iI Innsuion is tllidc bi~Ck 10 ~li~tc (X)01 .IN(; , NOIC ht)w

[rorwili(ms in And OU[ of this S[iitc implcrncn[ ii hy%trlcsls
fCillUrCh

( ‘(MdIIIg pr[KLA\ unld [hc ~ty(t piitllp l~ll~l~t-til[illc IS
l}clt}w W°K, Whctt !hi%occur%. Ihc SIiIIC dli~~l~llll ~qi~ll~fora
tran~i[ion [o Stillc RI! AIJY FOR ON 1.INI{. ‘Ilrc nu[ilm

txmcsprmdlng II) this [rim$i[itm is I() cIMMr rImtIid t~f [hc
gillC V:IIVC, II is nol ~qwncd ilUt(MllilliCillly lK’(’illl\C Ctlltlll)l

IIIIISI t)c C(~~t~lni\lC~ wl[h tlIC t~lhcr pUIIIpIIIg \~+IcItI\.



‘lWis sliil~ di;igr;tm IS mu ct)mplcic. II dtws nl)l shtn+

~[hsft)r syslcmshu(dt)wnt lrulrt)r hilndling. Errl)rpil[hs;trc
nccljcll I() ;~cc{)mmld;l[c pr~)hl~ms such il~ ljcviccs nt)l

(~periiling iIS cxpccicl.1, c.g, lhc rt)ughing vill~c n[)( ,q)urling.

Errors thii[ ~n IX iinticipalcd Un hc handled iiutl)mi~[i~i~ll~.
olhcrs require opcmt(w inlcrvcnlitm, ,

‘Illc stale diagram is L!ilSicr 10 Ufldcrsliirlrd l’MXilUM’
much of the information is visutil. II is quick Itt wc Whiit
conditions cause slalc changes wilh(url reading lhr~mgh ICXI
or program code. A logic crrtw is rnorc Iikcly m lx real iwl
[hrough lhe stiIIc diagram Ihan by reading progrilrn ctdc.

‘Ilis slii!c diagram un he convcruxl dircclly It) SNL as
dewribcd previously. “IW SNL provitics an inlcrfacc wilh
olher EPI(’S facili[ics so thal ctmditiuns and iictitms

specified by Ihc scqucncx um Lw monil(trcd and cxmlrtdlcd

easily, For example, (’-language Iikc subr(mtinc calls arc
used[UICSI the C~O pump [um~riiturc (w lo(~~ritl~ iI vi~lv~,

IV. ~(X)tWW IVE S17011EN(’ES

II was nolcd [hat this cry{) pump scqucncc is ntt[
rmrnplclcly indcpcndcnl of [hc rcsI of the RF(J vil~uum
sjs[cm. “Ii) lrcul Ihc RF(J vucuum s--s[cm asa single rnlily, ii

higher-lc:cl scqucncc is i~pprt)priti[c.lwic spccificd In terms
of the syslcm, nol in lurmst~f irdivkluid ut)mptmcnls, Figure

sht)w~ an example,
—.
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